The stability of a plasma diode with respect to longitudinal oscillations is investigated. If there are free particles emitted by the electrodes, the perturbations do not have the same dynamics as they would in an infinite plasma, contrary to the case where only particles trapped in the diode are present. This can be interpreted as due to a coupling of plane waves of different wave lengths, introduced by the boundary conditions at the electrodes. The occurrence of resonant-particle effects, on the other hand, is subjected to precisely the same conditions as in an infinite plasma. 
have been obtained only in the case of a plasma diode with perfectly reflecting walls, which can be shown to be equivalent to that of an infinite homogeneous plasma with special periodicity of the perturbation 15,16 (cf. also Refs. 17 ).
In this paper we investigate the problem of the stability of a plasma diode against electrostatic longitudinal oscillations, allowing for particle emission from, and absorption at, the electrodes. We use a kinetic treatment based on the Vlasov equation, supposing the particle densities sufficiently low for collisions to be negligible.
In Sect. I we define the model used to represent the plasma diode, i. e., the self-consistent equilibrium we start from. In Sect. II the corresponding particle orbits are given, and the particles are classified according to the kind of their motion. Sect. Ill contains the integration of the linearized collisionless Vlasov equation over the particle orbits according to the usual scheme, leading to explicit expressions for the first order distribution functions of the plasma particles. In Sect. IV we write the complete dispersion relation of the problem, bringing it into a 9 E. S. WEIBEL, Phys. Fluids 3, 399 [I960] . 10 K. J. HARKER, Phys. Fluids 8, 1846 [1965 . 11 C. W. HORTON, JR., Phys. Fluids 11,1154 [1968 . 12 O. BUNEMAN, in "Plasma Physics", edited by J. E. DRUM-MOND, McGraw-Hill Book Co. Inc., New York 1961, pp. 202-223. 13 I. B. BERNSTEIN, in "Radiation an Waves in Plasmas", edited by M. MITCHNER, Stanford University Press, Stanford, Calif. 1961, pp. 19-53. 14 M. N. ROSENBLUTH, L. D. PEARLSTEIN, and G. W. STUART, Phys. Fluids 6, 1289 [1963 ; and in "Electric Propulsion Development", edited by E. STUHLINGER, Academic Press, Inc., New York 1963, pp. 379-406. 15 D. MONTGOMERY and D. GORMAN, Phys. Fluids 5, 947 form which displays the physical origin of the different terms. As this dispersion relation is very complex, it is impossible to solve it explicitly. Nevertheless, some information about its physical content can be gained. The structure of the terms coming from free particles (particles emitted into the system from, and reabsorbed by, the walls) and from trap- 
I. Equilibrium
Let us consider a one-dimensional, finite system of length 2 L, bounded by two hot plates, kept in general at different potentials. Each plate emits particles into the plasma. As a consequence, a charged sheath will appear in front of each plate, whereas charge neutrality is maintained inside the plasma.
As is well known, the thickness of the sheath is of the order of the Debye length of the plasma, which we assume much smaller than the dimension of the system and the relevant wave lengths of the perturbations to be considered.
Then we can ignore the width of the sheaths, and take a square profile for the electric potential, e. g., as represented in Fig. 1 (for For reference, we introduce also ;t = V2 e Vi/wii.
(Lib)
In the following we shall mainly refer to a situation of the kind just described. The generalization to an arbitrary square potential is straightforward.
II. Particle Orbits
We divide the plasma particles into two categories, calling free particles those which are emitted and reabsorbed by the walls (and therefore stay only for a finite time in the system), and trapped particles those which move back and forth between the electrodes indefinitely.
We then see that for the example of the square potential of Fig. 1 wall, will traverse the system once and will then be absorbed by the opposite wall.
The situation is quite different for the ions, which, for some energies, can be reflected from the walls.
We therefore have both free and trapped ions. A classification of the possible ion orbits can be best made using an x -vx diagram (Fig. 3) 
A. Trapped particles
The formal solution of the Vlasov equation ( 
From Eq. (3.17) it is easily seen that for a = 1 the matrix 2qV{vx) is symmetric in q and p.
C. Free particles traversing the system twice
The calculation for free particles traversing the system twice proceeds analogously to that for the free particles which cross the system only once; some additional care must, however, be exercised.
In the example considered these particles are ions, starting from x = +L with negative velocity -v2<vx^ -Thus if vx<0 at the time t, the particle is on its first trip across the system. Correspondingly formula (3.16) with the lower signs, valid for class Bx, applies, that is for -v2<vx<L -v1 However, if ux>0 at the time t, the particle is on its second trip across the system, having been reflected at x = -L. Then the contributions from both trips must be taken into account, yielding
where vx vx < v2 and 
(a co L/vx+n; p) fji (x,vx,t) = -m. J{kVx+(o) . 
